We studied the restriction fragment length polymorphism of the rRNA gene and CTX genetic element in Vibrio cholerae O139 Bengal, which resurged in Calcutta in September 1996 after a gap of 32 months. While the strains from this resurgence were indistinguishable from the earlier strains by ribotyping, the structure of the CTX genetic element present in the current O139 strains was found to be unconventional.
Vibrio cholerae O139, the second etiological serogroup of cholera, came into being dramatically in September 1992 in Southern India and thereafter spread explosively to all areas of cholera endemicity in India (11) and to neighboring countries (12) . Inexplicably, towards the end of 1993 the incidence of V. cholerae O139 declined in Calcutta, India (10) , and in other parts of the subcontinent (3) , and the O139 serogroup was replaced by a new clone of V. cholerae O1 biotype El Tor (4, 18, 21) . However, in September 1996, V. cholerae O139 staged a resurgence. Phenotypically, the reemerged V. cholerae O139 strains were different from those that appeared in late 1992 and 1993 in that the current O139 strains were sensitive to cotrimoxazole (9) . However, like the O139 strains isolated in 1992 to 1993 (16) , the O139 strains that resurged were resistant to ampicillin, furazolidone, neomycin, and streptomycin (9) .
Toxigenic strains of V. cholerae contain a compound transposon-like structure known as the CTX genetic element, which comprises a 4.5-kb central core region that contains the ctxAB, zot, ace, orfU, and cep genes and has one or more copies of a 2.7-kb repetitive sequence (designated RS1) flanking it (14, 19) . The number and arrangement of the CTX element are known to vary in different strains of toxigenic V. cholerae (20) and have formed a useful basis for the study of the clonality of strains. We embarked on a study to characterize the ribotype, organization, and chromosomal location of the CTX genetic element of the current O139 strains to assess the extent of genotypic variations in these compared to the strains isolated in 1992 to 1993.
A total of 10 strains of V. cholerae O139, namely, AS207, AS209, AS210, AS212, AS213, AS231, AS233, AS258, AS259, and AS260, isolated from hospitalized patients with cholera from the Infectious Diseases Hospital, Calcutta, India, between 21 August and 20 September 1996 were selected randomly by blinding the date of isolation from the person who selected the strains. MO1, a serotype O1 strain which could be a progenitor strain of V. cholerae O139 (12) , and AP1, an O139 strain which appeared in late 1992, were also included in the study for comparison (13) .
Chromosomal DNA was prepared (1), restricted with a variety of restriction endonucleases (Promega, Madison, Wis.) as required, separated by electrophoresis through 0.7% (wt/vol) gels, and then Southern hybridized with appropriate probes as described elsewhere (5, 8, 14, 17) . Southern hybridization of the chromosomal DNA of the current O139 strains, restricted with the restriction endonuclease BglI and probed with a 0.8-kb SmaI and a 1.5-kb SstI-PvuII fragment of the plasmid pKK3535, containing the 16S and 23S rRNA genes of Escherichia coli, respectively (2), produced a pattern which was identical to that produced by the earlier O139 strains and also by the strain MO1 ( Fig. 1 ). This pattern, however, did not match any of the profiles in the standardized ribotype scheme of Popovic et al. (15) . The restriction fragment length polymorphism of the CTX genetic element obtained with the restriction endonuclease BglI and a 0.38-kb ctxB probe (spanning from base 1339 to 1727 of the ctxB gene [8] ) exhibited a pattern distinct from those produced by the earlier O139 strains (Fig. 2) . In 9 out of the 10 strains, two bands, of 7.2 and 12.0 kb, with the 7.2-kb band twice as intense as the 12-kb band, were obtained ( lanes 1 to 5 and 7 to 10). As BglI cuts within the zot gene, the above-mentioned result indicated that in the new strains, there are probably more than two CTX elements present in tandem. One resurgent strain, AS231, which produced a pattern like that of the O139 strain from 1992 to 1993 (Fig. 2, lane 6) was probably a strain persisting from the previous O139 epidemic. Further analysis-after digestion of the chromosomal DNA with PstI, XbaI, BglII, all of which cut only once within the CTX genetic element, and HindIII and EcoRI, which do not cut within the CTX genetic element-allowed us to deduce the probable structure of the CTX elements in these strains. BglII is known to have only one site within the CTX element, at RS1, and the site is conserved. The presence of a single 21.0-kb band (Fig. 3B, lanes 1 and 2) suggested that in the resurgent O139 strains, the RS1 element connecting the two CTX elements had lost this conserved BglII site. This result also implied that the tandemly arranged CTX elements in the resurgent strains are present only at a single location of the chromosome.
This result, however, was contradicted by the Southern hybridization patterns obtained with HindIII-and EcoRI-digested DNAs. As these enzymes are known to cut the chromosome outside the CTX element, only one band, rather than the three seen on the autoradiograph (Fig. 3C, lanes 3 and 4) , was expected. These two sets of apparently contradictory data could, however, be reconciled by assuming that the RS1 element connecting the CTX core regions had lost its BglII site and had gained a HindIII and an EcoRI site (Fig. 3F ). In such a situation, at least one 7.2-kb band would be expected with HindIII or EcoRI digestions. The correctness of the proposed model was tested by the Southern hybridization of chromo- somal DNA digested with HindIII-BglI and EcoRI-BglI. The presence of two bands, of 2.8 and 4.2 kb, with the 2.8-kb band twice as intense as the 4.2-kb band, as shown by the Southern hybridization of HindIII-BglI-digested chromosomal DNA with the ctxB probe, proved the correctness of the model. Thus, the CTX genetic elements present in these strains were unconventional in the sense that RS1 elements connecting the CTX cores had lost the conserved BglII site and gained a site each for HindIII and EcoRI restriction endonucleases. These enzymes are known to cut outside the CTX genetic element in all toxigenic V. cholerae strains analyzed so far (8) .
Similar experiments carried out with RS1 (a 2.7-kb NotI fragment [14] from the plasmid pCT5A11 [5] ) and ctxϩRS1 (a 1.8-kb XbaI-BglII fragment from the plasmid pCT5A11 [5] ) probes allowed us to conclude that the tandem duplicated CTX elements in these new O139 strains are preceded by two RS1 elements (Fig. 3F ) which are conventional in the sense that they have neither gained a HindIII or EcoRI site nor lost the conserved BglII site.
The results of this study indicate that although the ribotype of the currently prevalent O139 strains is identical to the ribotype of the O139 strains isolated in 1992 to 1993, the structure and organization of the CTX genetic element of the O139 strains that resurged are distinct from those of the previous O139 strains. A situation somewhat similar to this was observed when the organization of the CTX genetic element of the El Tor biotype of V. cholerae O1, which displaced the O139 serogroup in Calcutta, was compared with that of the El Tor O1 strains which prevailed before the appearance of the O139 serogroup. The O1 strains which prevailed before the O139 strains had two or more copies of the CTX in tandem and also a free RS1 element away from CTX, whereas the O1 strains which displaced the O139 serogroup had a single copy of CTX and no free RS1 element (18) . It is interesting in this connection that almost 10 years ago Kaper et al. (6, 7) had drawn attention to the variation in ctxAB and its flanking sequences in V. cholerae O1 and non-O1 strains and had used them to study the molecular epidemiology of V. cholerae O1 and non-O1 strains. V. cholerae O139 continues to be the dominant serogroup associated with cholera in Calcutta as of July 1997, and studies to examine the extent of spread of this new clone of V. cholerae O139 in India are in progress. From these studies it appears that the rearrangement in the location, structure, and organization of the CTX genetic element confers some kind of hitherto-unknown advantage to an emerging clone. This is an area which needs to be studied intensively.
